T helper 17 (Th17) cells are one of the CD4+ T-cell subsets which induce a variety of diseases by secreting IL-17 and other inflammatory factors. After Helicobacter pylori (Hp) infection, cytotoxin-associated gene A and urease subunit B regulate the number of Th17 cells via induction of cell differentiation by infected macrophages, activation of MyD88 and other pathways, and by driving chemokines, which upregulates the number of both Th17 cells and regulatory T cells (Tregs) and switches towards a Treg-type immune response. Meanwhile, Th17 cells also play important roles in the response to Hp infection, participating in the clearance of Hp by recruiting neutrophils and expanding inflammatory response, causing mucosal damage and even inducing cancer. Thereby, Th17 cells participate in the occurrence and development of Hp-related diseases, such as gastritis, peptic ulcer disease and gastric cancer.
Introduction
Helicobacter pylori (Hp), a sort of Gram-negative microaerobic bacterium, is one of the main risk factors for gastritis and peptic ulcer disease and closely related to gastric carcinoma. It is able to evade the host's immune response and induce persistent inflammation. It is already known that Hp inflammation can induce an imbalance of T helper 1 (Th1)/Th2 cells in gastric mucosa [1] , and now, the imbalance of Th17 cells/regulatory T cells (Tregs) is also proposed [2] . T-cell immunity plays an important role after inflammation and even affects the prognosis of the disease. Here, we briefly introduce the role which Th17 cell-mediated immune response plays in Hp inflammation.
Th17 Cells
T cells play a central role in immunity and are divided into Th cells, Tregs and cytotoxic T cells; among these, Th cells are differentiated by CD4+ T cells, a subset assisting the response of T and B cells. Subsets of Th cells, including Th1, Th2, Th17, Th9, Th22 and Tfh, stay in equilibrium under normal circumstances; however, they differentiate into a variety of Th cells after the stimulation of antigens, cytokines and antigen-presenting cells. Different subsets of Th cells can also differentiate into each other.
As a subset of CD4+ T cells, Th17 cells not only participate in the innate immune response against bacteria and fungi but also secrete cytokines like IL-17, IL-22 and IL-6, thus inducing a variety of autoimmune diseases. IL-17, being considered as one of the most important cytokines, is divided into IL-17A (usually referred to as IL-17), IL-17B, IL-17C, IL-17D, IL-17E (IL-25) and IL17-F, which play important roles in the immune response. It can induce the production of granulocyte-macrophage colony-stimulating factor, peptides, endothelial and epithelial cells, chemokines, cytokines and metalloproteinases (as well as others), the recruitment and activation of neutrophils, and also participate in the inflammatory reaction [3] . It is well known that retinoid-related orphan receptor gamma t (RORγt) is the master transcription factor for the differentiation of Th17 cells; concomitant IL-6 and transforming growth factor (TGF)-β occupy an important position in the beginning of differentiation, whereas other cytokines like IL-23 are involved in the maintenance and proliferation phase.
Hp Infection Affects Th17 Cells
Hp can exist in the host body for a long time due to immunologic escapement. Mucosal CD4 T-cell numbers increase following Hp infection after 4 weeks [4] , despite a lack of ongoing HP infection, while HP-specific Th17 cells persist in the blood and gastric mucosa of individuals with a past HP infection [5] . This suggests that Hp infection induces a mucosal inflammatory reaction in the very beginning, and, thus, the reaction runs through the whole pathogenesis.
Several studies have shown the involvement of Hp-associated proteins in Th17 cell response. Cytotoxin-associated gene A (CagA), an immunodominant antigen subsistent in the highly virulent strain of Hp, contributed to the ability of Hp to evade Th17 cell-mediated clearance by modulating the expression of B7-H2 [6] . Meanwhile, urease subunit B (UreB), a protective antigen of Hp, induced Th17 cell response. Cocultured splenic lymphocytes from Hp-infected mice with the recombinant UreB (rUreB) elevated IL-17 secretion and caused an increase in the number of Th17 cells. The expression of IL-6 and IL-23p19 was significantly increased in rUreB-stimulated macrophages. Whole-cell protein of a UreB-deficient strain induced less Th17 cell responses than that of the wild-type strain. In addition, subcutaneous and intranasal immunization of rUreB elicited antigen-specific Th17 cell responses. Intranasal immunization of rUreB reduced Hp colonization in the stomach, which was closely related to the increased rUreB-specific Th17 cell responses. This suggests that UreB is an important protein able to elicit Th17 cell responses against Hp, both in vivo and in vitro [7] .
The Th17 cell responses to Hp infection may involve the following pathways. (1) Infected macrophages directly induce cell differentiation. Coculture of CD4+ T cells with Hp-infected macrophages elevated IL-17 and interferon-γ secretion, upregulated RORγt expression and increased the number of Th17 cells. The expression of CD40, CD80 and CD86 and the secretion of IL-6, TGF-β 1 , IL-23 and CCL20 were significantly increased in Hp-stimulated macrophages. The nuclear factor (NF)-κB pathway participated in the production of IL-6, IL-23 and CCL20 from macrophages in response to Hp, and inhibition of the NF-κB pathway of macrophages resulted in less Th17 cell differentiation, suggesting that Hp induces Th17 cell differentiation via infected macrophages, involving the NF-κB pathway [8] . (2) Activation of the MyD88 pathway. MyD88 is a universal adapter protein of Toll-like receptor pathways, significant to information transmission and inflammation mediation. In their study, Obonyo et al. [9] showed that mRNA expression levels of IL-17A and IL-22 were markedly upregulated in wildtype mice compared to MyD88-/-mice both at 6 and 25 weeks in response to infection with Hp, indicating that the induction of Th17 cell responses depends on MyD88 signaling. Furthermore, reduction in the expression of Th17 cell-dependent intestinal antimicrobial peptide lipocalin-2 was linked with increased bacterial burden in the absence of MyD88 signaling. Thus, evidence shows that MyD88-dependent signaling is required for the host to induce a Th17 cell response for the control of Hp. (3) Chemotaxis by chemokines. Chemokines like B-cell-activating factor may be able to drive Th17 cell responses both indirectly, by creating a pro-Th17 cell cytokine milieu through the involvement of innate immune cells, and directly, via the differentiation of T cells towards the specific profile [10] .
The Immune Mechanism of Th17 Cells in Hp Infection
CD4+ T cells differentiate towards Th17 cells after Hp infection; meanwhile, Th17 cells mediate the immune response to Hp. Gil et al. [2] report that the number of both Th17 cells and Tregs was significantly higher in the Hp+ gastritis group than in the control group, while the balance of Th17 cells/Tregs was biased towards Tregs. Tregs encourage the immunologic escapement of Hp because of their inhibition of the immune response. In addition, the number of Th17 cells was correlated negatively with the bacterial density and positively with the inflammatory scores of polymorphonuclear and mononuclear cells in the Hp+ gastritis group, suggesting that Th17 cells are significantly involved in the clearance of Hp. Kao et al. [11] showed that mucosal CD11c+ dendritic cells (DCs) were located near the surface of normal gastric epithelium and that their number increased after Hp infection. This study of the direct interaction of DCs with Hp showed a Treg-skewed response. In vivo Treg skewing by adoptive transfer of Hp-pulsed DCs reduces the ratio of gastric IL-17/Foxp3 mRNA expressions. The depletion of CD25+ Tregs results in early reduction of Hp density, which is correlated with enhanced peripheral Hp-specific Th17 cell, but not Th1 cell, response. Thus, Hp alters the DC-polarized Th17 cell/Treg balance towards a Treg-biased response, which suppresses the effective induction of Hp-specific Th17 cell immunity. Regulatory DCs can down-mediate the immune response and mediate peripheral tolerance, which is closely related to their immature or semimature state. There is a two-way regulation between DCs and Tregs: DCs can induce amplification and inducible Tregs, while Tregs inhibit the combination of DCs and Th cells and suppress the ability of the DCs of activation, maturation and stimulation to T-cell proliferation. Oertli et al. [12] showed that DCs exposed to Hp in vitro or in vivo failed to induce T-cell effector functions. Instead, they efficiently induced expression of the forkhead transcription factor FoxP3, the master regulator of Tregs, a process which requires IL-18.
In conclusion, Hp infection inducts the Th17 cell/Treg balance bias towards Tregs by suppressing DC maturation or re-encoding. Even though the amount of both Tregs and Th17 cells is increased, it ends with immunologic escapement, since the Tregs are in a dominant position. In such a process, the number of Th17 cells is correlated negatively with bacterial density and positively with inflammation, suggesting that the Th17 cell response participates in the clearance of Hp, which involves releasing IL-17, recruiting and activating neutrophils, and directly removing Hp [13, 14] .
Meanwhile, though the immune responses mediated by Th17 cells play an important role in Hp clearance, they somehow also promote the occurrence and development of Hp-related diseases, including the following pathways: (1) IL-17 released by Th17 cells activates ERK1/2MAPK and promotes the production of IL-8, which is considered to induce inflammation, damages the gastric mucosa and is closely related to tumorigenesis [15] [16] [17] . (2) Activation and expansion of Th1 cell response, which encourages the immunologic escapement of Hp, whereas at the same time, the cytokines, reactive oxygen species and nitric oxide released by this process further expand the inflammation and oxidative stress, thus exacerbating mucosal damage and epithelial cell apoptosis [18] [19] [20] .
It should be noted that children's immune responses to Hp infection are different from those of adults. Though children are more likely to be infected by Hp than adults, it turns out that they have a low rate of Hp-related diseases like gastritis and peptic ulcer disease. A study of Bangladeshi infants, children and adults found that infant cells produced significantly more IL-17 compared to adult cells after Hp membrane preparation stimulation, and adult cells produced the least. The strong IL-17 production in infants after Hp membrane preparation stimulation was paralleled by a significantly higher production of the IL-17-promoting cytokine IL-1β from infant compared to adult peripheral blood mononuclear cells and monocytes [21] .
There is also some research showing that peptic ulcer disease is less frequent in children and less frequently associated with Hp infection. When comparing infected subjects to controls, densities of neutrophils and CD20 cells in the lamina propria increased in all age groups, whereas the CD3 cells increased only in patients aged >8 years and CD8 cells only in adults. NF-κB-p65-positive cells were also increased in infected adults only as was NF-κB-binding activity. A positive correlation was found between age and densities of neutrophils and CD3, but not of CD8 or CD20 [22] . Children's lower level of Th17 cells and higher level of Tregs compared to those of adults may be explained by the immunosuppressive and Hp colonization advantage caused by the Treg dominance of the Th17 cell/Treg balance [2, 11, 23] . Homoplastically, Michalkiewicz et al. [24] , observing the varieties of cytokines and the complement in gastric mucosa of Hp-infected children, found out that children's immune response to Hp infection shows specific characters: (1) Th1 expression profile, (2) lack of mRNA overexpression of natural immunity receptors, and (3) strong anti-inflammatory activities in the gastric mucosa, possibly resulting from increased activity of anti-inflammatory M2 macrophages.
Though the reason for the different responses to Hp infection between children and adults is still not clear, it could be speculated that the Th1-and Treg-dominated immune response of children may show less digestive manifestation but is propitious to Hp escapement and, thus, induces long-term inflammation. It is newly accepted that children's Hp infection not only induces digestive diseases but also other diseases like iron deficiency, diarrhea, growth retardation and idiopathic thrombocytopenic purpura [25, 26] . Thus, it is worth paying more attention to these mechanisms and to intervene in the case of Hp infection in children.
Diseases Related to Th17 Cells and Hp Infection
Hp infection is an important pathological factor of gastritis and peptic ulcer disease, while moderate/severe intestinal metaplasia and dysplasia of gastritis are considered as precancerous lesions of gastric cancer. Among the cytokines related to Th17 cells, IL-21 and TGF-β are those mostly connected to gastritis and peptic ulcer disease [27] . The level of IL-17 is significantly increased in gastric mucosa of Hp-infected patients [5] . One study on the biopsies of gastritis children showed that the number of Th17 cells was significantly higher in the Hp+ gastritis group than in the control group, and the number of Th17 cells correlated negatively with the bacterial density and positively with the inflammatory scores of polymorphonuclear and mononuclear cells in the Hp+ gastritis group [2] .
The WHO defines Hp as a class I carcinogen of gastric cancer. It has been observed that the accumulation of Th17 cells and Tregs in the tumor microenvironment gradually increase according to disease progression, leading to an imbalance in Th17 cells/Tregs in gastric cancer patients. TGF-β and IL-6 present in the gastric cancer microenvironment promote the differentiation and expansion of Th17 cells, and increased numbers of Th17 cells promote tumor progression through the promotion of inflammation by secretion of IL-17. After that, IL-7 promotes the secretion of IL-8, which could induce proliferation and migration of cancer cells [16, 28] . Gastric myofibroblasts/fibroblasts (GMF) are abundant class II major histocompatibility complex-expressing cells that act as novel antigen-presenting cells. Here, we have demonstrated the accumulation of Th17 cells in Hp-infected human tissues and in the gastric tumor microenvironment. GMF isolated from human gastric cancer and Hp-infected tissues cocultured with CD4+ T cells induce substantially higher levels of Th17 cells than GMF from normal tissues in an IL-6-, TGF-β-and IL-21-dependent manner. Th17 required interaction with class II major histocompatibility complex on GMF for activation and proliferation. These studies suggest that Th17 cells are induced during both Hp infection and gastric cancer in the inflammatory milieu of gastric stroma and may be an important link between inflammation and carcinogenesis [29] . It should be noted that the Th17 cell immunity still lasts in the serum and mucosa even after the eradication of Hp [5] , and the persistence of IL-17A and IL-17F is considered to increase the risk of cancer [30] . In addition, it has been reported that the secreted peptidyl-prolyl-cis, trans -isomerase of Hp (HP0175) is able to drive gastric Th17 cell response, and the mechanisms of carcinogenesis may include the promotion of proinflammatory low cytotoxic tumor-infiltrating lymphocyte response, matrix degradation and proangiogenic pathways [31] .
Conclusion
In conclusion, Hp infection leads to an increased number of Th17 cells. At the same time, Th17 cell response participates in the occurrence and development of Hp-related diseases by eliminating Hp and other mechanisms. The prognosis of chronic bacterial infection is normally determined by host immune response. Being different from other pathogens, Hp is able to exist for a long time in the host body by immunologic escapement and to induce sustained inflammation, while the host's immune response cannot eliminate Hp but encourages its colonization.
Though there is substantive research on the mechanisms of the immunologic escapement of Hp, it still needs to be clarified. Numerous studies indicate that Hp infection leads to the immunologic derangement of T cells, and the disorder of Th1/Th2 cells, and that Th17 cells/ Tregs may be related to the host defense and Hp colonization; of all these, Th17 cell immune response seems to be quite important. After Hp infection, CD4+ T cells differentiate towards Th17 cells by directly inducing infected macrophages, activating the MyD88 pathway, and by driving chemokines like B-cell activating factor, while at the same time, Th17 cell responses play an important role in Hp infection. On the one hand, they participate in the clearance of Hp by recruiting neutrophilic granulocytes and other mechanisms, while on the other hand, they expand the inflammation, exacerbate mucosal damage and even induce carcinogenesis; thus, the variation in the balance may influence the prognosis of Hp infection. Clarification of the involvement of Th17 cells is needed to provide a new strategy and more specific targets for the treatment of Hp infection.
